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Many High-Noon Situations =
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| know, what
my code does!

System

User Provider

Performance tools can provide an —
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Many High-Noon Situations (2) >
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Tool Hardware
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Reaching Higher with Cooperation
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PERFORMANCE ANALYSIS 101
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What do you want to know?

Profiles
Number of Invocations Execution Time
bar
foo
| |
0 2 4
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How to get it?

Data
Presentation

Data

Recording

Data

Acquisition

Analysis Layer Analysis Technique

e
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Sampling vs. Tracing

Foo: Total Time 0.0815
Bar: Total Time 0.4711

I I I
Sampling

Vv

] 2011/06/30 10:15:12.672865 Enter foo
3] 2011/06/30 10:15:12.894341 Leave foo

Tracing

4
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Using Real Tools on Real Applications

ﬁ
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—ed Multi-Core x_ﬁj Monitor* Trace
i ' Program . onitor File
- - (OTF2)
| -
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> VampirServer
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| Trace : ' ! :
1| (Bundle
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J * Score-P, VampirTrace, TAU
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Score-P as a Collaboration Between Tool Providers

Score-P

r

Event traces (OTF2)

Scalasca

Online
interface
MPI wrapper

*

Call-path profiles
(CUBE4, TAU)

Hardware counter (PAPI, rusage)
Score-P measurement infrastructure

TAU
adaptor

TAU

instrumentor

Instrumentation wrapper

>
TECHNISCHE H
UNIVERSITAT Z I

Center for Infarmation Services &

DRESDEN Guido Juckeland - Slide 12 High Performance Computing

Compiler OPARI 2




File wiew Help
View Chart Filter
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Function
Summary

Process 25
Process 42

Process 59
Process 0
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USING PERFORMANCE TOOLS
FOR ACCELERATORS
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The Accelerator Challenge: Asynchronity

start |[main synchronize Host
t

kernel

Accelerator
Execution Queue

e
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Working Together with the Vendor: CUPTI

call- read

register start back back

CUPTI

Accelerator

[ J e
J
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What About Directive Based Approaches?

Score-P

a a a

Hardware counter (PAPI, rusage) MPI wrapper

TAU
adaptor

Compiler — OPARI 2

instrumentor

>
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Comparing Monitoring Tool Capabilities

Threads | Accel- Monitoring Method Scala-
erator bility

Vendor Tools Event + Sample
Summary and Log

VampirTrace / Score-P Event + Sample Log

TAU Ereignis + Sample
Aufzeichnung
HPCtoolkit Event + Sample
Summary and Log
IPM - Event Summary -
CEPBA MPltrace - Event Log -
PAPI - Sample Summary -
GPU Ocelot - Event Summary -
T
»
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Looking at Overhead: PIConGPU using 512 GPUs

LI Simulation

bl Host Instrumentation

M CUDA Instrumentation

I MPI Instrumentation

Y
*
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Looking at Multi-hybrid Application >

nvinia

http://picongpu.fzd.de
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Single GPU Implementation (5 years ago)

Yampir - [Trace Yiew - 2:/Documents;/zih/Talks +Presentations/Leogang/traces /picongpu_pure/trace.oth]
" File VYiew Help
Wiews Chart  Eilker

A s T LR A —

Tirneline
1.72s 1.73s 1.74s 1.75 s 1.76 s 1.77 s 1.78s 1.70 5 1.80 s
Process 0 cudaMemcpey cudafemcpy
Thread 1)0 ‘ ~I

Al : : : : : : : : | : »

Function Surnrnary Canteit Wiew Function Legend
all Processes, Accumulated Excusive Time per Funckion

I e
40 ms 20 ms 0 ms o [ Cuda

User 4|  Function ﬂ [ cuda_runtime_api.h
cudalenncpy cptCurrent

9.092443 ms - eptiurrent Function Group

6,212 ms -mnveParticles ;I Zuda ;I

UNIVERSITAT ZIH

DRESDEN GUidO JUCkeland _ Sllde 22 Center for Infarmation Services &

High Performance Computing




Inter-GPU-Communication with synchronous MPI

Trace View - fhome/juckel/Documents/zih/ Conferences-Workshops-and-Stuff/SCO9/picongpu-without-pthreads/picongpu-without-pthreads/trace.otf* — Vampir X
File Edit Chart Filter Window Help

T i I S N L e ———

Timeline

2.40's 2425 2.44's 2.46's 2.48's 250s 2525 2545 2.56 s 2.58's |

Process 1
Thread 1/1
Process 2
Thread 1/2
Process 3
Thread 1/3
Process 4
Thread 1/4

(Kl o] D

Function Summary Function Legend
All Processes, Accumulated Exclusive Time per Function Group m Application
0.30s 0.25s 0.20s 0.15s 0.10s 0.05s 0.00s ~mCuda
MPI = MPI

0.255 s App”cation | VT_API ] .
0.227 s cuda_runtime_api.h =~ ™cuda_runtime_api.h
_Cuda
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Impact of vectorized Kernels and asynchronous Communication

e View = /home/juckel/Desktop/SC_PIC_traces/PIC_.SMI_16gpus-1500r_100d/trace. otf* - Vampir
File Edit Chart Filter Window Help

EEMSGE-“““E.*.%M%WMWWMWW

\\\\\\

36.125 s 36. 150 S 36 175 S 36. 200 S 36. 225 S | All Processes, Accumulated Excluswe Tlme per Function Group
Process 1
\ [SSE ST N CUDA_KERNEL
Thread 1.3 - [857s 7 UUUUICUuDA_SYNC
CUDA[1] 2:1 - \ i | 0.275s [ MPI
Process 3 0.242s . CUDA_IDLE
A\ 91.579 ms .CUDART_API
Thread 3:2 - 14.35 ms |Application
CUDA[3] 4:1 -\ ] <10 ms VT_CUDA
Process 5
Thread 5:3
CUDA[1] 6:1 -
Process 7 1 N i oy s~ I N N BN AU [/ N I I N b B | AR 11 IR = | ® Funeton summaty 3| ® Functon Summay 3 O 3 +
Property Value 1 Comparison Value 2 Diff
Thread 7:2 Hlifh‘;““lﬂl"lh“‘iliihl Display Function Summary = Function Summary
CUDA[3] 8:1 - [t Pt s e s e [ S e g Function Group CUDA_KERNEL (10) != CUDA_IDLE (7)
' Accumulated Exclu... 1.99825 s (44.59%) 1= 0.242464 s (5.41%) ...
Process 9
Thread 9:3 \
CUDA[]_] 101 | I_.II'..‘...'_-I-_- | F DN L I
' lﬂlﬂtm_lﬂlh‘“‘iﬂifﬁh
Process 11 L " lrs— s B ¢ ¢ R
Thread 11:2
CUDA[S] 12.1 | | N | S I B | S B N AN N N FELN [ 1 |}
' _!ﬂ"_ﬁi_lilh‘“ﬁt- ik
Process 13 i | N 4 N N N N N O A
Thread 13:3 - ﬂd“-ﬂ”“«dﬂ-\ = Appiication
(MY | | =SS N | S | S N G N B CUDART_API
CUDA[1] 14:1 - - CUDA_IDLE
Process 15 ~mCUDA_KERNEL
~ECUDA_SYNC
Thread 15:2 ~mMPI
CUDA[3] 16:1 - = NVSMI
- — : : : : b ~mVT_CUDA
D
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Concurrent Kernel Execution and Communication

® Trace View - /scratch/widera/018_64_testNewTransaction_trace/simOutput/traces/trace.otf* - Vampir (auf joker)

File Edit Chart Filter Window Help

E FuLuesedTER2S8 . ﬁ'. 4072585 Ja07205 5

407260 s 407265 s 407270 s 40 7275 s 407280 s 407285 s 4072390 s All Processes, Accumulated Exclusive Tlm per Function Group

: : . : : : : — D20s 0155 010s 0055 0003
o TI— Consone
: : : : : : : 02055 Application
o = © 31185 ms CUDART_API
CUDAR2)21 i i i : i i i ] i 5 : 13899 ms [] GPU_IDLE
H : ; i : ; i i =1ms |MPI
CUDART] 22 .
e TS —
CUDAR10] 24
CUDAR:1]25 . .
Kernel execution concurrent with | 5 ;
CUDAR12] 2% i H ; i £
Context View
R cudaMemcpyAsync andz T N
cubape28 MPI communication Popery | value
p Display Master Timeline
v Process 3 Type Function
Location Process 0
CUDARZ] 31 Function B cudaMemcpyAsync
Function Group [ll CUDART_API
CUDART]32 Interval Begin 40726863 5
Interval End 40 726884 5
CUDARS] 33 Duration 21394861 ps
CUDA[3:10] 3:4 i i i
CUDAR:11]35
Concurfent exiecutlon of| — ot
CUDAB12]136 VT_API
several kernels |n streams OWF-PREG
CUDAE13137 MPI
PTHREAD
GPU_IDLE
CUDARS| 38 CUDA_SYNC
VT_CUDA
- CUDART_API
Process 4 - CUDA_KERNEL
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Going to Large GPU Counts

0s 25s 50 s 75s 100s 125s 150s 175s 200s 225s 250s 275s 300s 325s 350s 375s 400s 425s 450s
Process 0 H= = =

CUDA[0:7] 13:3
Process 23
CUDA[0:9] 30:5

CUDA[0:8] 39:4
Process 48
CUDAJ0:7] 58:3
CUDAJ0:1] 69:1
CUDAJ0:8] 78:4
CUDAJ0:1] 86:1
CUDAJ0:7] 94:3
CUDAI0:6] 104:2
CUDAJ0:6] 113:2
CUDAI0:7] 122:3
CUDAJ0:8] 130:4
CUDAJ0:8] 141:4
CUDAJ0:9] 151:5
CUDAI0:9] 160:5
Process 176
CUDAJ0:8] 192:4
CUDAI0:1] 209:1
CUDAJ0:9] 2245
Process 240
Process 251
Process 266
CUDA[0:1] 277:1
CUDAI0:6] 286:2
CUDAJ0:1] 300:1
CUDAJ0:9] 3145
CUDAI0:7] 325:3
CUDAJ0:9] 337:5
Process 352
CUDA[0:7] 370:3 -—
CUDA[0:1] 385:1 -
Process 399
CUDAJ0:1] 409:1
CUDAI0:9] 416:5
CUDAJ0:8] 432:4
CUDAI0:6] 445:2
CUDAIO:6] 458:2
CUDAI0:6] 470:2
CUDAI0:6] 487:2
CUDAI0:7] 497:3
clinamoisnars = - T R e T R e A
D
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Filtering =

nvinDia

+| Include/Exclude All
. « GPU_COMM_GLOBAL  32/32 > +
) v GPU_GROUP 16/16 =
Communicators + MPI_COMM_SELF 0 11 =
+ MPI_COMM_SELF 1 11 =
Prncess Hierarchy '( MP'_CGMM_SELF llf] 1:"1 ]
+ MPI_COMM_SELF 11 11 =
+ MPI_COMM_SELF 12 11 =
+ MPI_COMM_SELF 13 11 =
+ MPI_COMM_SELF 14 1=
+ MPI_COMM_SELF 15 11 =
+ MPI_COMM_SELF 16 11 = )
« MPI_COMM_SELF 2 11 = Message Communicators Message Tags
+ MPI_COMM_SELF 3 1=
« WMPI_COMM_SELF 4 Lil= +'| Include/Exclude All ¥ Include/Exclude All
+ MPI_COMM_SELF 5 11 =
+ MPI_COMM_SELF & 11 = ¥| GPU_COMM_GLOBAL v 0
+ MPI_COMM_SELF 7 11 = ¥ MPI_COMM_WORLD v 1
+ MPI_COMM_SELF 8 1= ¥ 2
+ MPI_COMM_SELF 9 11 = v 3
Number of processes | + WMPI_COMM_WORLD  17/17 = ¥| 517
53 v nol 14/14 = ¥| 518
¥ noz 13113 >__ v 519
Selected processes ' no3 1313 = ¥| 521
53 ¥ no4 1313 =~ | 522
¥| 523
# | ¥ 524
Feset Jﬂppl‘ ¥ 525
¥| 526
a2
‘ Jﬁpply ‘ ‘ !,' Cancel ‘ | OQI{ ‘
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Only GPU activity

nvinDia

Trace View = localhost:30012:/fastfs/juckel/jaguar/vt_512_mpi/traces/trace.otf* = Vampir

File Edit Chart Filter Window Help

CUDA

CUDA...
CUDA(...
CUDA(...
CUDA(...
CUDA(...
CUDA(...
CUDA(...
CUDAL...
CUDAL...
CUDA...
CUDA(...
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CUDA(...
CUDAL...
CUDA...
CUDA(...
CUDA(...
CUDA(...
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CUDA...
CUDA(...
CUDA]...
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CUDA...
CUDA(...
CUDA(...
CUDA(...
CUDA(...
CUDA(...
CUDA(...
CUDA(...
CUDAL...
CUDA...
CUDA...
CUDA(...
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CUDA(...

CLIDA

©O©O~D U WM D
SWR R OUTRWN RN S

RES
00 ©
ENEEYA)

140:2
148:2
1565
169:3
182:2
190:2
200:5
21911 =
2315
2455
2595
2725
285:4
295:3
306:5
322:1
336:3
350:1
366:4
380:3
392:3
406'5
416:4
431:3
4435
454:2
466:4
4834
496'5
B1N'R -=

Timeline

300's 400 s

200 s

250 s 350 s

0.9s 0.6s 0.3s 0.0s

DsBas T e
ooiss [l
[0.257s  [EEERNES
LN addCurrent
0.141 s [ updateB

0.116 s [l markParticles
0.102 s [JllupdateE

30.677 ms l_addParticIes

|

(4]

U
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Function Summary

All Processes, Accumulated Exclusive Time per Function Group

GPU_IDLE [28.77%

CUD...NEL [71.23%]

Context View

= | ® Function Summary 4
Property Value
Display Function Summary

Function Group CUDA_KERNEL (10)
Accumulated Exclusive Time 101,328.45673 s (71.23%)

B Application
B CUDART_API
- CUDA_KERNEL
~BGPU_IDLE
-m MPI
- BVT_CUDA

Connected:

11
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Now What About Directives?

W File Edit Chart Filter Window Help HEE
- i e - y ; 0.251s g
ENLEOTERL'S 8|V —Eﬁk

Timeline Function S iy
0.2525s 0.2550 5 0.2575s 0.2600 s 0.2625s 0.2650 5 0.2675s [ All Processes, Accumulated Exclusive Time per Function
: : : : : : : 4 ms 3 ms 2 ms 1 ms 0 ms
Master thread cwStreamSynchronize
CUDA[0:13] cuMemHostAlloc
cuMemalloc_v2
51021 ps cuPointerGetattribute
273.601 s cuMemcpyHtoDAsync_v2
i122,795ps [f] cuMemcpyDtoHAsync_v2
¢ 26,987 ps | cuModuleGetFunction
11,112 ps | cuEventCreate
7.351ps | cuEventRecord
Master thread 4,106 ps | cuEventSynchronize
1 : 3.967 ps | cuCtxGetCurrent
3 L s Canters View
4 T1111] —— : : : = | Trace Info 3 5
: I:'-'!""""i""""'i"""'”i. Ee— vase ~
7 . II'.-_--- File C:fUsers fjuckel/Documents/zih/Projectsfi
8 § : | : : Creator Score-P 1.3-trunk
: : : : Version 15
< * |Mumber of Processes 2
Funiction S ry Function S ry Timer Resolution ins
All Processes, Accumulated Excusive Time per Function All Processes, Accumulated Exclusive Time per Function File Substrate POSTY
e R m:cc wait@swim. f:439 ~ “P;Iﬂ 232_gpu a | Trace Compression HOME
¢ 608.85%ps acc_data_construct@swim, f:373 cale2_207_gpu Trace ID _ HLc048b209f5e85
281?77% acc_data_construct@swim, f: 198 calc1_151_gpu Trace Properties o
204:932 ps [ | acc_data_construct@swim. f: 142 192,001 ps [ calc3z_254 gpu ‘”""““""“‘T LR el e (el e )
187573 s | | acc_data_construct@swim. f: 276 H 117,185 ps inital_32_gpu
ué.n1 us % acc_compute_construct@swim, f: 149 107.682 ps calc3_294_gpu Function Legend
123,354 ps [] acc_compute_construct@swim. f: 205 104.322ps ] shalow_453_gpu [ cupa_sYnC
96,236 ps [ acc_compute_construct@swim, f: 230 95,174 ps M calcl_165_gpu M cupba
$1.81ps || acc_compute_construct@swim, f:50 92,065 ps [N inital_124 apu [T orenacc
58.477 ps || acc_data_construct@swim. f: 73 77.724ps [ calc2_221 gpu ] _S\"T*_JC )
47,318 ps || acc_data_construct@swim. f: 248 76.353 ps [ inital_102_gpu B Application
4?2.062 ps || acc_upload@swim. f:378 44,188 ps || calc3_302_gpu = Eﬂgi_&ﬂ
539.55 ps | acc_compute_construct@swim, f:451 43.132 ps ] cale1_171_gpu Monitor
23.878 ps acc_download @swim. f:435 o 37.788 us I calc2_226_gpu "
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SUMMARY & OUTLOOK
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Summary

All levels of parallelism visible

e |nter-node (MPI, SHMEM)
¢ |ntra-node (OpenMP pthreads)
e Accelerators (CUDA, OpenCL)

Multiple highly scalable analysis tools available

e Scalasca
e \ampir

Experts available on-site

* You are running out of excuses... ;-)

o
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Outlook

Comittee work

* OpenACC (profiler interface)
* OpenMP (OMPT)

e Score-P group (finding usable
solutions)

Critical Path Analysis

¢ Blaming the right application parts
() IR ZIH
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Questions 5
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Analysis Layer Analysis Technique

W Dk 8t Chan fw Wedss bop ol
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T
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Mgt fwvad
S T R —— | T

CPU

CPU

CUPTI

Accelerator

v

event
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